Background {#s1}
==========

Cancer is the second leading cause of death worldwide[@R1]; in 2018, there were an estimated 18.1 million new cancer cases and 9.6 million cancer-related deaths.[@R2] With the world's largest population, about one-fifth of cancer cases occur in China.[@R3] Despite improvements in overall survival among patients with cancer over the last decade in China, survival remains lower than in many other developed countries.[@R4] Therefore, there is an unmet medical need for more novel, effective, and safe therapies to be made available to Chinese patients with cancer, especially for the treatment of tumors that have shown distinctive clinical features and/or pathology among Chinese or East Asian patients, such as non-small cell lung cancer (NSCLC), hepatocellular carcinoma (HCC), gastric cancer (GC), nasopharyngeal carcinoma (NPC), esophageal squamous cell carcinoma (ESCC), and melanoma.

One mechanism by which tumor cells escape immune surveillance is through changes in the expression of specific receptors and ligands involved in the immune checkpoint pathway. Programmed cell death-1 (PD-1) is a cell surface receptor that is expressed on activated T cells as part of the adaptive immune response and which inhibits T-cell signaling when it binds to its ligands, PD-L1 and PD-L2.[@R5] Both PD-L1 and PD-L2 are often overexpressed by tumor cells to evade immune surveillance, detection, and eventual destruction.[@R6] Antibodies against PD-1 block the binding of PD-L1 or PD-L2 to PD-1, counteracting checkpoint-mediated T-cell suppression and permitting T cells to induce tumor cell death.[@R13] In clinical trials, monoclonal antibodies against the immune checkpoint inhibitory receptor PD-1 have demonstrated objective responses in patients with multiple malignancies.[@R15] Antibodies targeting PD-1/PD-L1 have been approved for multiple tumor types by the US Food and Drug Administration (FDA) including several that are the focus of the clinical trial described in this article (melanoma, NSCLC, GC, renal cell carcinoma \[RCC\], urothelial carcinoma \[UC\], microsatellite instability-high \[MSI-H\]/deficient mismatch repair \[dMMR\] cancer, and hepatocellular carcinoma \[HCC\]).

Tislelizumab is an investigational, humanized, IgG4 monoclonal antibody with high affinity and binding specificity for PD-1 that was engineered to minimize binding to FcγRs on macrophages in order to abrogate antibody-dependent cellular phagocytosis, a mechanism of T-cell clearance and potential resistance to anti-PD-1 therapy.[@R16] Tislelizumab shows higher affinity to PD-1 when compared with pembrolizumab and nivolumab, with an\~100-fold slower off-rate than pembrolizumab and \~50-fold slower off-rate than nivolumab.[@R18] These differences in binding affinity can be partially attributed to tislelizumab's different binding orientation to PD-1 when compared with pembrolizumab and nivolumab; the binding surface on PD-1 for tislelizumab partially overlaps with that for pembrolizumab, but differs significantly from that for nivolumab.[@R18] The safety of tislelizumab was initially evaluated in a first-in-human phase 1A/B study (NCT02407990), which showed that single-agent tislelizumab was generally well tolerated.[@R19] The pharmacokinetics (PK) of tislelizumab were linear and systemic clearance was not affected by body weight, which supported fixed dosing.[@R19] Furthermore, because no unexpected treatment-related adverse events (TRAEs) occurred in the 200 mg fixed-dose cohort, and the observed serum exposure of a 200 mg dose fell between serum exposures observed after 2 mg/kg and 5 mg/kg doses, tislelizumab 200 mg intravenously Q3W was the recommended dose for subsequent pivotal studies.

This phase 1/2 study sought to verify the recommended phase 2 dose (R2PD) determined in a previous first-in-human study,[@R20] and examined the safety, tolerability, and antitumor activity of tislelizumab among Chinese patients with advanced solid tumors.

Methods {#s2}
=======

Study design and patients {#s2-1}
-------------------------

This ongoing, multicenter, open-label, phase 1/2 study (CTR20160872) conducted in 16 centers in China was initiated on December 28, 2016. Phase 1 included a dose-verification study, as well as a PK substudy for the purpose of comparing two different antibody manufacturing processes and scales (500L-Final Manufacturing Process (FMP) and 2000L-FMP); phase 2 was an indication expansion across 11 cohorts of various tumor types ([online supplementary figure S1](#SP1){ref-type="supplementary-material"}). Data from the PK substudy were pooled for efficacy and safety analyses included in this article, but PK results are not reported herein.
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Patients aged ≥18 years with histologically or cytologically confirmed advanced or metastatic solid tumors with measurable disease (defined by Response Evaluation Criteria in Solid Tumors version 1.1 \[RECIST V.1.1\]),[@R21] and an Eastern Cooperative Oncology Group (ECOG) performance score of ≤1, were eligible for enrollment. Patients must have progressed since their last standard antitumor treatment, had no available (or refused) standard treatment, or become intolerant to treatment and have adequate organ function. Patients provided archival tumor tissues or newly obtained tumor tissue and relevant pathological reports. Key exclusion criteria included a history of severe hypersensitivity reactions to other monoclonal antibodies, prior active malignancy within 2 years of enrollment (except tumors investigated as part of this trial), prior therapies targeting PD-1 or PD-L1, and symptomatic brain metastases.

This study was performed in accordance with the ethical principles of the Declaration of Helsinki, Good Clinical Practice guidelines, and the principles of informed consent. Written informed consent was obtained from each patient prior to screening. The protocol was approved by an independent ethics committee prior to initiation.

Procedures {#s2-2}
----------

During dose verification, patients were treated with tislelizumab 200 mg intravenously Q3W and initial analyses examined three to six patients who had received at least 80% of the dose and completed all safety assessments required in cycle 1 for predefined dose-limiting toxicities (DLTs) within 21 days of initial treatment. From this analysis, a safety monitoring committee determined that no DLTs were identified. The dose-verification cohort was then expanded to 20 patients for further assessment of safety, tolerability, and PK analysis. During the parallel PK substudy, 57 patients received multiple doses of tislelizumab to analyze the PK and safety of tislelizumab from two different manufacturing processes and scales. During indication expansion, patients received the RP2D. Throughout the study, safety data were regularly reviewed by a contract research organization, medical monitors, and pharmacovigilance physicians.

PD-L1 expression on tumor cells was prospectively confirmed by the central laboratory in patients with NSCLC during phase 2 using the VENTANA PD-L1 (SP263) assay[@R22]; PD-L1 positivity was defined as ≥10% of tumor cells with PD-L1 membrane staining at any intensity. For other enrolled patients, PD-L1 expression was retrospectively assessed.

Tislelizumab 200 mg intravenously was administered Q3W throughout the study until patients had no evidence of continued clinical benefit, or until unacceptable toxicity, or withdrawal of consent. Safety and efficacy among patients were closely monitored throughout the study. Adverse events (AEs) were graded according to the National Cancer Institute Common Toxicity Criteria for Adverse Events (NCI-CTCAE) V.4.03. Tumor responses were assessed by investigators based on RECIST V.1.1, and radiological assessments of tumor response status were performed within 28 days prior to enrollment, approximately every 9 weeks in the first year, and every 12 weeks thereafter. Treatment beyond progression in clinically benefited patients was permitted.

Outcomes {#s2-3}
--------

In the dose-verification portion of phase 1, the primary endpoints were the safety and tolerability of tislelizumab, as assessed per NCI-CTCAE V.4.03, and RP2D based on safety, tolerability, PK, and preliminary efficacy. As the mechanism of action of tislelizumab involves immune regulation, particular attention was given to immune-related AEs (irAEs). The primary endpoint of phase 2 was investigator-assessed objective response rate (ORR) per RECIST V.1.1. Secondary endpoints in phase 1 included antitumor activity and immunogenic responses; secondary endpoints of phase 2 included progression-free survival (PFS), overall survival (OS), duration of response (DoR), disease control rate (DCR), clinical benefit rate (CBR), immunogenic responses, PK, and incidence and severity of AEs. Exploratory endpoints included examination of potential predictive biomarkers including PD-L1 expression and tumor mutation status.

Statistical analyses {#s2-4}
--------------------

The sample size in the dose-verification stage of phase 1 (expected enrollment was approximately 20 patients) was determined based on the number of dose levels to be assessed and the occurrence of DLTs in each cohort. In the phase 1 PK substudy, a total of 48 patients (24 per arm) were planned to be enrolled to receive tislelizumab from two manufacturing processes and scales. Approximately 220 patients were expected to be enrolled in the indication-expansion stage of phase 2 to perform the preliminary efficacy analysis for tislelizumab monotherapy.

Categorical variables were summarized by number (percentage) of patients. Continuous variables were reported by descriptive statistics. The Clopper-Pearson method was used to estimate 95% CIs for response rates and the Kaplan-Meier method was used to estimate medians and 95% CIs for time-to-event variables. All patients who received tislelizumab were included in the safety analysis set. The efficacy analysis set included patients who received tislelizumab and had measurable disease per investigator according to RECIST V.1.1 at baseline and at least one postbaseline assessment. The safety results from all patients and each study phase are presented. All eligible patients for each indication that included more than 15 patients during phases 1 and 2 were pooled for analysis by indication.

Results {#s3}
=======

Patient disposition, demographics, and baseline disease characteristics {#s3-1}
-----------------------------------------------------------------------

As of December 1, 2018, 386 patients were screened and 300 were treated with at least one dose of tislelizumab. As shown in [table 1](#T1){ref-type="table"}, 20 patients were enrolled in the dose-verification study, 57 in the PK substudy, and 223 in phase 2 of this trial. The median duration of follow-up for all patients was 8.1 months (range 0.2--21.9). A total of 223 patients had discontinued treatment, the most common reason being disease progression (n=159; 71.3%); 77 patients remained on treatment.

###### 

Demographic and baseline characteristics

  ------------------------------------------------------------------------------------------------------------------------------------------------
                                                                  Dose verification\   PK substudy\        Phase 2\            Total\
                                                                  (n=20)               (n=57)              (n=223)             (N=300)
  --------------------------------------------------------------- -------------------- ------------------- ------------------- -------------------
  Median age, years (range)                                       49.5 (22--73)        58.0 (18--82)       57.0 (24--75)       56.5 (18--82)

   \<65                                                           15 (75)              41 (72)             167 (75)            223 (74)

   ≥65                                                            5 (25)               16 (28)             56 (25)             77 (26)

  Gender                                                                                                                       

   Male                                                           16 (80)              41 (72)             150 (67)            207 (69)

   Female                                                         4 (20)               16 (28)             73 (33)             93 (31)

  ECOG performance status, n (%)                                                                                               

   0                                                              6 (30)               14 (25)             60 (27)             80 (27)

   1                                                              14 (70)              43 (75)             163 (73)            220 (73)

  Tumor stage                                                                                                                  

   Locally advanced                                               0                    7 (12)              9 (4)               16 (5)

   Metastatic disease                                             20 (100)             50 (88)             214 (96)            284 (95)

  Patients with prior anticancer drug therapy, n (%)              18 (90)              53 (93)             217 (97)            288 (96)

  Regimens of prior anticancer treatment\*, n (%)                                                                              

   1                                                              3 (17)               12 (23)             69 (32)             84 (29)

   2                                                              4 (22)               10 (19)             60 (28)             74 (26)

   3                                                              6 (33)               15 (28)             42 (19)             63 (22)

   ≥4                                                             5 (28)               16 (30)             46 (21)             67 (23)

  Time from initial diagnosis to study entrance, months (range)   19.8 (1.0--149.1)    21.5 (0.4--100.3)   19.8 (0.5--189.5)   19.9 (0.4--189.5)

  Prior treatment received, n (%)\*                                                                                            

   Cytotoxic therapy                                              17 (94)              49 (93)             192 (89)            258 (90)

   TKI                                                            7 (39)               11 (21)             48 (22)             66 (23)

   Monoclonal antibodies                                          3 (17)               10 (19)             32 (15)             45 (16)

  Median study follow-up duration, months (range)                 10.8 (0.7--21.9)     8.0 (0.6--11.4)     8.0 (0.2--18.5)     8.1 (0.2--21.9)
  ------------------------------------------------------------------------------------------------------------------------------------------------

\*Percentage based on patients receiving prior therapies.

ECOG, Eastern Cooperative Oncology Group; PK, pharmacokinetic; TKI, tyrosine kinase inhibitor.

Most patients treated were male (n=207; 69%) and had an ECOG performance status of 1 (n=220; 73%). Of 288 patients (96%) who received prior anticancer drug therapy, the majority had two or more prior regimens of antitumor treatment (n=204, 71%), with 23% of patients receiving four or more prior regimens. Across the study, the median time from initial diagnosis to study entry was 19.9 months (range 0.4--189.5).

Safety and tolerability profile {#s3-2}
-------------------------------

Across the study, the median number of on-study treatment cycles was six (range 1--32), with a median duration of treatment of 18 weeks (range 0.9--95.7). During the dose-verification portion of the trial, the RP2D was confirmed to be tislelizumab 200 mg intravenously Q3W. No DLTs were reported during dose verification. Across the study, the most common treatment-emergent AEs (TEAEs) reported were anemia (n=104; 35%), increased aspartate aminotransferase (n=75; 25%), and increased alanine aminotransferase (n=67; 22%) ([online supplementary table S2](#SP1){ref-type="supplementary-material"}). Grade ≥3 TEAEs were reported in 119 (40%) patients, most commonly anemia (n=17; 6%), increased gamma-glutamyl transferase (n=14; 5%), and increased aspartate aminotransferase (n=10; 3%). TEAEs led to discontinuation in 25 (8%) patients; the only TEAEs that led to discontinuation in more than one patient were autoimmune myocarditis, lung infection, central nervous system metastases, and death (n=2 each). Most AEs considered related to tislelizumab by the investigator were of mild or moderate severity, with the most common being anemia (n=70; 23%), increased aspartate aminotransferase (n=67; 22%), and increased alanine aminotransferase (n=59; 20%). Grade ≥3 TRAEs were reported in 99 patients (33%), with the most common being increased gamma-glutamyl transferase (n=12; 4%), anemia (n=9; 3%), and increased aspartate aminotransferase (n=8; 3%) ([table 2](#T2){ref-type="table"}).

###### 

Treatment-related adverse events in ≥5% of patients (safety analysis set)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                         Dose verification\   PK substudy\   Phase 2\         Total\                                                          
                                         (n=20)               (n=57)         (n=223)          (N=300)                                                         
  -------------------------------------- -------------------- -------------- ---------------- -------------- ---------------- -------------- ---------------- --------------
  **Patients with an AE, n (%)**         **Grade 1--2**       **Grade ≥3**   **Grade 1--2**   **Grade ≥3**   **Grade 1--2**   **Grade ≥3**   **Grade 1--2**   **Grade ≥3**

  Anemia                                 8 (40)               0              11 (19)          2 (4)          42 (19)          7 (3)          61 (20)          9 (3)

  Aspartate aminotransferase increased   6 (30)               0              10 (18)          1 (2)          43 (19)          7 (3)          59 (20)          8 (3)

  Alanine aminotransferase increased     8 (40)               0              7 (12)           1 (2)          40 (18)          3 (1)          55 (18)          4 (1)

  Proteinuria                            7 (35)               0              8 (14)           0              27 (12)          1 (\<1)        42 (14)          1 (\<1)

  Blood bilirubin increased              9 (45)               0              5 (9)            0              26 (12)          0              40 (13)          0

  Hypothyroidism                         3 (15)               0              11 (19)          0              19 (9)           0              33 (11)          0

  White cell count decreased             5 (25)               1 (5)          1 (2)            0              25 (11)          1 (\<1)        31 (10)          2 (\<1)

  Bilirubin conjugated increased         7 (35)               1 (5)          5 (9)            0              18 (8)           1 (\<1)        30 (10)          2 (\<1)

  Pyrexia                                5 (25)               0              7 (12)           0              19 (9)           0              31 (10)          0

  Gamma-glutamyl transferase increased   0                    0              1 (2)            1 (2)          15 (7)           11 (5)         16 (5)           12 (4)

  Decreased appetite                     1 (5)                0              5 (9)            0              15 (7)           2 (\<1)        21 (7)           2 (1)

  Malaise                                0                    0              2 (4)            1 (2)          17 (8)           1 (\<1)        19 (6)           2 (\<1)

  Rash                                   1 (5)                0              4 (7)            0              14 (6)           1 (\<1)        19 (6)           1 (\<1)

  Weight decreased                       1 (5)                0              8 (14)           0              10 (4)           1 (\<1)        19 (6)           1 (\<1)

  Platelet count decreased               2 (10)               0              4 (7)            0              12 (5)           2 (\<1)        18 (6)           2 (\<1)

  Neutrophil count decreased             2 (10)               2 (10)         1 (2)            1 (2)          12 (5)           2 (\<1)        15 (5)           5 (2)

  Fatigue                                3 (15)               0              2 (4)            0              13 (6)           0              18 (6)           0

  Blood alkaline phosphatase increased   0                    0              2 (4)            0              14 (6)           2              16 (5)           2 (\<1)

  Cough                                  2 (10)               0              6 (11)           0              8 (4)            0              16 (5)           0

  Diarrhea                               3 (15)               0              3 (5)            0              9 (4)            1 (\<1)        15 (5)           1 (\<1)

  Hypoalbuminemia                        0                    0              5 (9)            0              10 (4)           0              15 (5)           0

  Nausea                                 2 (10)               0              2 (4)            0              11 (5)           0              15 (5)           0

  Vomiting                               3 (15)               0              2 (4)            0              9 (4)            1 (\<1)        14 (5)           1 (\<1)

  Hyperuricemia                          0                    0              4 (7)            0              8 (4)            3 (1)          12 (4)           3 (1)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AE, adverse event; PK, pharmacokinetic.

Seventy-six patients (25%) developed serious AEs including pneumonia (n=7), lung infection (n=4), intestinal obstruction (n=4), and upper gastrointestinal hemorrhage (n=4). A total of 145 deaths occurred during the study, 124 (86%) of which were due to disease progression, 12 (9%) due to AEs, 8 (6%) due to unknown causes, and one due to drug-induced liver injury. Of 12 patients experiencing a TEAE resulting in a fatal outcome, nine were considered possibly unrelated to study drug; an additional two were considered not related. One patient had an AE (brain edema) considered by investigators to be possibly related to tislelizumab. This 62-year-old male patient entered phase 2 of the study with GC that had metastasized to the brain, liver, and lymph nodes; his baseline MRI indicated multiple intracranial metastases with surrounding edema. On study day 25, the patient died due to brain edema following significant progression of brain metastases after receiving one dose of study treatment and had evidence of disease progression in the brain.

Due to endogenous function and mechanism of action, inhibition of checkpoint proteins involved in the PD-1/PD-L1 pathway can be associated with irAEs, which most often occur in skin and gastrointestinal systems.[@R23] These irAEs, reported in 171 patients (57%) in the current study, could potentially limit the benefit of immunotherapy. Among all patients, the most common irAEs were increased aspartate aminotransferase (n=59; 20%) and increased alanine aminotransferase (n=54; 18%). Thirty-three patients (11%) experienced at least one irAE of grade ≥3, the most common of which were increased gamma-glutamyl transferase (n=12; 4%) and increased aspartate aminotransferase (n=8; 3%) ([table 3](#T3){ref-type="table"}).

###### 

Immune-related adverse events in ≥2% of patients (safety analysis set)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                           Dose verification\   PK substudy\   Phase 2\         Total\                                                          
                                           (n=20)               (n=57)         (n=223)          (N=300)                                                         
  ---------------------------------------- -------------------- -------------- ---------------- -------------- ---------------- -------------- ---------------- --------------
  **Patients with an irAE, n (%)**         **Grade 1--2**       **Grade ≥3**   **Grade 1--2**   **Grade ≥3**   **Grade 1--2**   **Grade ≥3**   **Grade 1--2**   **Grade ≥3**

  Aspartate aminotransferase increased     6 (30)               0              10 (18)          1 (2)          35 (16)          7 (3)          51 (17)          8 (3)

  Alanine aminotransferase increased       8 (40)               0              7 (12)           1 (2)          35 (16)          3 (1)          50 (17)          4 (1)

  Blood bilirubin increased                9 (45)               0              4 (7)            0              21 (9)           0              34 (11)          0

  Hypothyroidism                           3 (15)               0              10 (18)          0              18 (8)           0              31 (10)          0

  Bilirubin conjugated increased           7 (35)               1 (5)          5 (9)            0              16 (7)           1 (\<1)        28 (9)           2 (\<1)

  Gamma-glutamyl transferase increased     0                    0              1 (2)            1 (2)          12 (3)           11 (5)         13 (4)           12 (4)

  Rash                                     1 (5)                0              4 (7)            0              11 (5)           1 (\<1)        16 (5)           1 (\<1)

  Blood creatine phosphokinase increased   2 (10)               0              2 (4)            0              8 (4)            1 (\<1)        12 (4)           1 (\<1)

  Diarrhea                                 3 (15)               0              3 (5)            0              6 (3)            1 (\<1)        12 (4)           1 (\<1)

  Hyperthyroidism                          2 (10)               0              1 (2)            0              8 (4)            0              11 (4)           0

  Pruritus                                 1 (5)                0              2 (4)            0              6 (3)            0              9 (3)            0

  Blood creatine increased                 1 (5)                0              0                0              6 (3)            0              7 (2)            0

  Hyperglycemia                            0                    0              1 (2)            0              4 (2)            1 (\<1)        5 (2)            1 (\<1)

  Pneumonia                                0                    0              0                2 (4)          2 (1)            2 (\<1)        2 (\<1)          4 (1)

  Pruritus generalized                     1 (5)                0              3 (5)            0              2 (1)            0              6 (2)            0
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

irAE, immune-related adverse event; PK, pharmacokinetic.

Preliminary antitumor activity {#s3-3}
------------------------------

Of 251 efficacy-evaluable patients from the entire study, 45 (18%) patients achieved a confirmed response, including one patient with larynx squamous cell carcinoma from the PK substudy who underwent surgery and two regimens of chemoradiotherapy/chemotherapy before study entry and achieved a complete response (CR). Responses were observed in all indications with more than 15 patients enrolled across the study. Indications with an ORR ≥15% included NPC (43%), MSI-H/dMMR solid tumors (19%), NSCLC (18%), GC (17%), HCC (17%), and melanoma (15%) ([table 4](#T4){ref-type="table"}). As of December 1, 2018, the median DoR was not mature for all indications, except for the NPC cohort, which had a DoR of 8.3 months (range 3.9 to not estimable) with a median follow-up of 4.8 months ([figure 1](#F1){ref-type="fig"}). CBR was defined as the rate of patients who achieved confirmed CR, partial response (PR), or stable disease (SD) with a duration ≥16 weeks. Indications with a CBR ≥50% included NPC (81%), NSCLC (54%), RCC (52%), MSI-H/dMMR solid tumors (50%), and HCC (50%); all other indications had CBRs ≥25%. Responses to tislelizumab were seen in multiple tumor types regardless of PD-L1 expression ([table 5](#T5){ref-type="table"}).

###### 

Summary of efficacy by indication (safety analysis set)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Response category, n (%)                    NSCLC\         Melanoma\      ESCC\          GC\            UC\            RCC\           NPC\           HCC\           MSI-H/ dMMR\*\
                                              (n=56)         (n=34)         (n=26)         (n=24)         (n=22)         (n=21)         (n=21)         (n=18)         (n=16)
  ------------------------------------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- ----------------
  BOR†                                                                                                                                                                

  CR                                          0              0              0              0              0              0              0              0              0

  PR                                          10 (18)        5 (15)         2 (8)          4 (17)         3 (14)         2 (10)         9 (43)         3 (17)         3 (19)

  SD                                          21 (38)        8 (24)         7 (27)         3 (13)         6 (27)         9 (43)         9 (43)         7 (39)         5 (31)

  PD                                          21 (38)        17 (50)        13 (50)        9 (38)         5 (23)         7 (33)         3 (14)         8 (44)         6 (38)

  Unknown                                     4 (7)          4 (12)         4 (15)         8 (33)         8 (36)         3 (14)         0              0              2 (13)

  ORR, confirmed\                             18\            15\            8\             17\            14\            10\            43\            17\            19\
  95% CI                                      8.9 to 30.4    5.0 to 31.1    0.9 to 25.1    4.7 to 37.4    2.9 to 34.9    1.2 to 30.4    21.8 to 66.0   3.6 to 41.4    4.0 to 45.6

  Median overall survival, months, 95% CI     NE\            11.3\          4.8\           4.7\           4.3\           NE\            NE\            NE\            NE\
                                              10.1 to NE     6.8 to 18.0    3.6 to 8.4     2.4 to NE      2.1 to NE      8.0 to NE      9.2 to NE      5.5 to NE      4.2 to NE

  Probability of survival at 1 year, 95% CI   0.6\           0.4\           0.2\           0.4\           0.3\           0.7\           0.6\           0.6\           0.7\
                                              0.4 to 0.7     0.2 to 0.6     0.1 to 0.4     0.2 to 0.6     0.1 to 0.6     0.5 to 0.9     0.3 to 0.8     0.4 to 0.8     0.4 to 0.8

  Median PFS, months,\                        4.0\           2.3\           2.2\           2.2\           2.1\           4.1\           10.4\          4.0\           6.1\
  95% CI                                      2.1 to 8.1     2.1 to 6.1     2.0 to 4.2     2.0 to 4.0     2.0 to 4.3     2.1 to 10.4    4.2 to 10.5    2.1 to NE      2.0 to NE

  CBR‡, 95% CI                                52\            35\            27\            25\            27\            52\            81\            50\            50\
                                              38.0 to 65.3   19.7 to 53.5   11.6 to 47.8   9.8 to 46.7    10.7 to 50.2   29.8 to 74.3   58.1 to 94.6   26.0 to 74.0   24.7 to 75.3

  DCR,\                                       55\            38\            35\            29\            41\            52\            86\            56\            50\
  95% CI                                      41.5 to 68.7   22.2 to 56.4   17.2 to 55.7   12.6 to 51.1   20.7 to 63.6   29.8 to 74.3   63.7 to 97.0   30.8 to 78.5   24.7 to 75.3
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Cancers with centrally confirmed MSI-H/dMMR.

†Confirmed responses per RECIST V.1.1.

‡CBR was defined as the rate of patients who achieved CR, PR, or SD with a duration ≥16 weeks.

BOR, best overall response; CBR, clinical benefit rate; CR, complete response; DCR, disease control rate; dMMR, deficient mismatch repair; ESCC, esophageal squamous cell carcinoma; GC, gastric cancer; HCC, hepatocellular carcinoma; MSI-H, microsatellite instability-high; NE, not estimable; NPC, nasopharyngeal carcinoma; NSCLC, non-small cell lung cancer; ORR, objective response rate; PD, progressive disease; PR, partial response; RCC, renal cell carcinoma; RECIST, Response Evaluation In Solid Tumors; SD, stable disease; UC, urothelial bladder cancer.

![(A) Overall survival (safety analysis set). (B) Progression-free survival (safety analysis set). OS, overall survival; PFS, progression-free survival.](jitc-2019-000437f01){#F1}

###### 

Summary of ORR by PD-L1 status (safety analysis set)\*†

  -----------------------------------------------------------------------------------------------------------------------------------------------------------
  Response category, n (%)   NSCLC\        Melanoma\     ESCC\         GC\           UC\           NPC\           RCC\          HCC\          MSI-H/dMMR\*\
                             (n=56)        (n=34)        (n=26)        (n=24)        (n=22)        (n=21)         (n=21)        (n=18)        (n=16)
  -------------------------- ------------- ------------- ------------- ------------- ------------- -------------- ------------- ------------- ---------------
  PD-L1-positive ORR, %      **17**        **0**         **8**         **50**        **0**         **50**         **0**         **0**         **0**

   n/N (%)                   24/56\        4/34\         13/26\        4/24\         4/22\         16/21\         2/21\         0             1/16\
                             (43)          (12)          (50)          (17)          (18)          (76)           (10)                        (6)

   95% CI                    4.7 to 37.4   0.0 to 60.2   0.2 to 36.0   6.8 to 93.2   0.0 to 60.2   24.7 to 75.3   0.0 to 84.2   0.0 to 0.0    0.0 to 97.5

  PD-L1-negative ORR, %      **19**        **16**        **8**         **12**        **18**        **25**         **11**        **19**        **20**

   n/N (%)                   31/56\        25/34\        13/26\        17/24\        17/22\        4/21\          18/21\        16/18\        10/16\
                             (55)          (74)          (50)          (71)          (77)          (19)           (86)          (89)          (63)

   95% CI                    7.5 to 37.5   4.5 to 36.1   0.2 to 36.0   1.5 to 36.4   3.8 to 43.4   0.6 to 80.6    1.4 to 34.7   4.0 to 45.6   2.5 to 55.6

  PD-L1 unknown ORR, %       **0**         **20**        **0**         **0**         **0**         **0**          **0**         **0**         **20**

   n/N (%)                   1/56\         5/34\         0             3/24\         1/22\         1/21\          1/21\         2/18\         5/16\
                             (2)           (15)                        (13)          (5)           (5)            (5)           (11)          (31)

   95% CI                    0.0 to 97.5   0.5 to 71.6   0.0 to 0.0    0.0 to 70.8   0.0 to 97.5   0.0 to 97.5    0.0 to 97.5   0.0 to 84.2   0.5 to 71.6
  -----------------------------------------------------------------------------------------------------------------------------------------------------------

\*PD-L1 positivity was defined by ≥10% of tumor cells with PD-L1 membrane staining at any intensity.

†Percentages are based on the total number of patients in each subcategory.

dMMR, deficient mismatch repair; ESCC, esophageal squamous cell carcinoma; GC, gastric cancer; HCC, hepatocellular carcinoma; MSI-H, microsatellite instability-high; N/A, not applicable; NPC, nasopharyngeal carcinoma; NSCLC, non-small cell lung cancer; ORR, objective response rate; OS, overall survival; PD-L1, programmed cell death ligand-1; RCC, renal cell carcinoma; UC, urothelial bladder cancer.

Across all patients in the study (n=300), median OS was 11.5 months (95% CI 9.1 to 15.0) with a median follow-up of 12.2 months ([figure 1A](#F1){ref-type="fig"}). Median OS was 11.3 months (95% CI 6.8 to 18.0) in patients with melanoma, 4.8 months (95% CI 3.6 to 8.4) in patients with ESCC, 4.7 months (95% CI 2.4 to not estimable) in patients with GC, and 4.3 months in patients with urothelial bladder cancer (UC) (95% CI 2.1 to not estimable); OS data remained immature for all other indications ([table 4](#T4){ref-type="table"}). Median PFS for all patients was 2.6 months (95% CI 2.2 to 4.0; [figure 1B](#F1){ref-type="fig"}) and indications with a median PFS of more than 4 months include NPC (10.4 months), MSI-H/dMMR solid tumors (6.1 months), RCC (4.1 months), HCC (4.0 months), and NSCLC (4.0 months). Among patients in the trial who had responses, most experienced durable decreases of tumor burden. These durable responses were observed in all indications, even in patients who were heavily pretreated ([figure 2](#F2){ref-type="fig"}).

![Change of total sum of target lesion diameters from baseline abbreviations: dMMR, deficient mismatch repair; ESCC, esophageal squamous cell carcinoma; GC, gastric cancer; HCC, hepatocellular carcinoma; MSI-H; microsatellite instability-high; NPC, nasopharyngeal carcinoma; NSCLC, non-small cell lung cancer; RCC, renal cell carcinoma; UC, urothelial bladder cancer.](jitc-2019-000437f02){#F2}

Discussion {#s4}
==========

A key objective of this study was to confirm the dose regimen for Chinese patients established in a previous first-in-human study (NCT02407990). This phase 1/2 study exclusively enrolled Chinese patients (n=300) with the goal of examining the safety, tolerability, and antitumor activity of tislelizumab in patients with advanced solid tumors.

Tislelizumab was generally well tolerated and no unexpected safety issues were observed in this study. Reported AEs were consistent with the overall safety profile of tislelizumab observed in previous studies,[@R19] as well as those found in other anti-PD-1 monoclonal antibody therapy agents.[@R24] The majority of AEs considered related to tislelizumab by the investigator were generally of grade ≤2 severity and there were no new immune-related safety signals observed. No DLTs were reported during phase 1, and tislelizumab 200 mg intravenously Q3W was confirmed as the RP2D in Chinese patients with advanced solid tumors.

Tislelizumab demonstrated preliminary antitumor activity across multiple tumor types. In patients with GC, ESCC, NPC, and NSCLC, objective responses were observed irrespective of PD-L1 tumor expression and those in GC and NPC were numerically higher in PD-L1-positive tumors compared with PD-L1-negative tumors ([table 5](#T5){ref-type="table"}). In patients with HCC, melanoma, RCC, UC, and MSI-H, responses were only observed in patients with PD-L1-negative tumors under the same cut-off, but conclusions should be approached with caution due to small sample size per each indication cohort ([table 5](#T5){ref-type="table"}). The predictive value of PD-L1 and the optimal cut-offs per indication will be explored in both ongoing and future large, randomized clinical trials of tislelizumab.

Tislelizumab demonstrated partial responses and disease stabilization in multiple tumor types and in heavily pretreated patients. Almost all patients received at least one prior anticancer drug therapy and the majority of patients (68%) had two or more prior regimens, with roughly a quarter of patients receiving ≥4 prior regimens. Across the entire study, the overall ORR was 18% and the majority of responses were durable. Median DoR was not estimable for all except the NPC cohort (8.3 months).

Previous studies have documented differences in disease biology, incidence, and clinical outcome between patients in Western Europe/North America and China in many malignancies, including NPC, NSCLC, GC, ESCC, and melanoma.[@R28] The underlying mechanisms are not conclusive but may be attributed to regional differences in early detection, living and eating habits, divergent tumor characteristics, or standard treatment regimens.

NPC is characterized by a distinct geographical distribution and is particularly prevalent in East and Southeast Asia.[@R31] Three pathological subtypes of NPC have been identified by the WHO: keratinizing squamous, non-keratinizing, and basaloid squamous.[@R31] The non-keratinizing subtype is predominantly associated with Epstein-Barr virus (EBV) infection and is the most common subtype of NPC, representing \>95% of cases in areas where NPC is more prevalent such as Southern China; the keratinizing subtype accounts for less than 20% of worldwide cases of NPC and is fairly rare in Southern China.[@R31] PD-L1 is expressed in approximately 90% of EBV-associated NPCs,[@R32] which makes inhibitors of the PD-1/PD-L1 pathway attractive treatment options for EBV-associated NPC. In the current study, the ORR in patients with NPC treated with tislelizumab was 43% and the median DoR was 8.3 months (95% CI 3.9 to not estimable), with a median follow-up of 4.8 months (range 2.1--11.1); median PFS was 10.4 months (95% CI 4.2, 10.5) and the median OS had not yet been reached. A recent multinational study showed that nivolumab resulted in an ORR of 20.5% in 44 patients with NPC; median PFS was 2.8 months and median OS was 17.1 months.[@R33] In a different study, treatment of 27 patients with PD-L1-positive NPC with pembrolizumab resulted in seven PRs for an ORR of 25.9%; median OS was 16.5 months and median PFS was 6.5 months.[@R34] Differences between these earlier studies and the current data could possibly be explained by differences in patient populations, as the current study exclusively enrolled patients with non-keratinizing NPC. However, the preliminary safety profile and antitumor activity of tislelizumab warrant its continued development, and a phase 3 study in patients with NPC (NCT03924986) has been initiated.

While cytotoxic chemotherapy has been historically used for the treatment of patients with advanced NSCLC who do not have a targetable molecular driver mutation, survival benefit was limited and these treatments often resulted in significant toxicity.[@R35] Treatment with immunotherapeutic agents targeting the PD-1/PD-L1 checkpoint inhibitor pathway has drastically changed the treatment paradigms for these patients. Pembrolizumab is approved for use in patients with NSCLC and has demonstrated superiority to platinum-containing doublet chemotherapy in patients expressing high levels of PD-L1; two additional immune checkpoint inhibitors (atezolizumab and nivolumab) have been approved for second-line use in patients with NSCLC.[@R35] In the Keynote-001 study, the ORR of pembrolizumab was 19.4% (95% CI 16.0, 23.2) in 495 patients with NSCLC. In the phase 3 CheckMate-078 study, which was predominantly comprised of patients with previously treated NSCLC from China, the ORR of patients treated with nivolumab was 17% compared with 4% with docetaxel.[@R27] Notably, our report demonstrates a comparable ORR (18%) in heavily treated Chinese patients with NSCLC. Based on the data from this study and other additional clinical trials, three phase 3 studies of tislelizumab as treatment for NSCLC have been initiated (NCT03358875, NCT03594747, and NCT03663205).

GC is the second most common cancer in China.[@R36] Currently, most patients with advanced GC are treated with chemotherapy, but the prognosis and OS rates remain low.[@R37] PD-L1 overexpression has been detected in tumors from patients with gastric or gastroesophageal junction cancer (GC/GEJC),[@R38] making antibody therapies that target PD-1/PD-L1 potential treatment options for patients with GC/GEJC. The phase 3 ATTRACTION-2 trial has demonstrated that nivolumab can improve OS with manageable AEs and durable responses in patients with unresectable advanced or recurrent GC/GEJC that has progressed after chemotherapy in Asian patients, with an ORR of 11% and median OS of 5.3 months.[@R39] These results were consistent with a large phase 2 trial in which 259 patients with previously treated GC or GEJC treated with pembrolizumab monotherapy had an ORR of 12% and a median OS of 5.6 months.[@R40] With a median OS of 4.7 months and an ORR of 17%, the current study demonstrated slightly higher antitumor activity compared with that of nivolumab and pembrolizumab. Etiological differences between Western and Asian populations, different baseline disease profiles, and limited sample size may have contributed to the differences in ORRs observed between the current study and those of other anti-PD-1 antibody therapies. A phase 3 study (NCT03777657) has been initiated to further assess the efficacy and safety of tislelizumab in combination with chemotherapy as first-line treatment of GC.

Based on histological classification, the two largest subtypes of esophageal cancer are squamous cell carcinoma and adenocarcinoma. The majority of esophageal cancers in China are histologically classified as squamous cell carcinoma, while in North America, Western Europe, and Australia, adenocarcinoma has become the most common histological subtype of esophageal cancer.[@R28] Although the underlying mechanisms remain unclear, emerging data suggest anti-PD-1 monotherapy may have increased antitumor activity in ESCC when compared with esophageal adenocarcinoma.[@R41] The US FDA approved pembrolizumab as monotherapy for second-line ESCC in patients whose tumors express PD-L1 (combined positive score (CPS)≥10) based on the data from two clinical trials,[@R42] including the phase 3 KEYNOTE-181 trial. In the KEYNOTE-181 study, the median OS for patients with CPS≥10 ESCC was 10.3 months compared with 6.7 months for those receiving standard-of-care chemotherapy; median OS for patients with CPS≥10 esophageal adenocarcinoma was 6.3 months for those receiving pembrolizumab versus 6.9 months for those receiving standard-of-care chemotherapy.[@R43] These data suggest that the OS benefit from pembrolizumab in patients with esophageal cancer is driven by the ESCC subgroup. At 8%, the ORR of patients with ESCC from the current study is lower than previous reports of other anti-PD-1 antibody therapies (the ORR in patients with ESCC was 16.7% in the KEYNOTE-181 trial[@R44]), possibly because of limited sample size or because patients in the current study were more heavily pretreated (77% of patients with ESCC had ≥2 lines of prior systemic therapy; [online supplementary table S1](#SP1){ref-type="supplementary-material"}). However, with a DCR of 29%, the current study is comparable with previous reports of pembrolizumab in heavily pretreated patients with advanced, metastatic esophageal cancer (31%).[@R45] Three phase 3 trials have been initiated to evaluate the efficacy and safety of tislelizumab alone and in combination with chemotherapy/chemoradiotherapy in patients with ESCC (NCT03783442, NCT03430843, and NCT03957590).

Based on the anatomical location and the degree of sun exposure, melanoma is classified into four major subtypes. Acral melanoma is rare among the white population but has a higher incidence in Asians. When compared with other melanoma subtypes, acral melanoma may represent a more biologically aggressive subtype with a worse prognosis.[@R46] We observed an ORR of 15% in the current study, which is similar to data from KEYNOTE-151, a phase 1B study of second-line pembrolizumab for Chinese patients with advanced melanoma (ORR 17%).[@R47] Furthermore, patients with melanoma had a long duration of treatment (17.9 months) and durable responses (DoR, not estimable) in the current study, and tislelizumab demonstrated preliminary antitumor activity in Chinese patients with pretreated melanoma.

One characteristic of MSI-H/dMMR tumors is that they have a high tumor mutational burden, which is believed to be one of the reasons these tumors respond well to PD-1--blocking antibodies.[@R48] In the KEYNOTE-164 study, 63 patients with MSI-H metastatic colorectal cancer (mCRC) treated with pembrolizumab had an ORR of 32%.[@R49] Additionally, in the phase 2 CheckMate-142 trial, which examined responses to nivolumab in 74 patients with MSI-H/dMMR mCRC, 23 patients (31%) had an investigator-assessed objective response.[@R50] With an ORR of 19%, the current study is the first to report clinical responses of an anti-PD-1-antibody treatment in Chinese patients with MSI-H/dMMR solid tumors, and it is therefore unclear if patient population contributed to differential responses between these studies. The limited sample size of this cohort may also have led to the differences in response compared with previous studies. Further investigation is needed before a correlation between a patient's race and their response to PD-1 inhibitor therapy can be made. A phase 2 study (NCT03736889) to further investigate the efficacy of tislelizumab in tumors with MSI-H/dMMR is ongoing.

Conclusions {#s5}
===========

Tislelizumab was generally well tolerated and no unexpected safety issues were seen in this study. Preliminary antitumor activity was observed in patients with multiple solid tumors regardless of PD-L1 expression. Overall, the antitumor activity of tislelizumab was consistent with other PD-1 inhibitors and the results of this study support further investigation of tislelizumab in specific solid tumors.
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